Introduction: Previous reviews have indicated the effectiveness of exercise in people undergoing hemodialysis. However, these analyses did not take into account whether the subjects were elderly. We performed a systematic review of the effects of exercise training in elderly people undergoing hemodialysis and updated the evidence of exercise for people undergoing hemodialysis by adding recent research data.
were 78.1% of patients who started undergoing dialysis in 2012 and 75.4% of the entire dialysis population. 5 Elderly people undergoing hemodialysis have a high prevalence (70%) of physical frailty, characterized by lower levels of physical functioning. 6 However, physical frailty, a well-known indicator of disability and poor prognosis among the elderly, [7] [8] [9] [10] could be prevented, postponed, or even reversed with specific interventions and health strategies. Physical exercise has been shown to have positive effects on physical function among frail older adults 11 and is recommended for those with kidney disease. 12 Previous meta-analyses indicated the effectiveness of exercise interventions on exercise tolerance, physical function, and quality of life (QoL) for people undergoing hemodialysis 13, 14 ; however, these analyses did not take into consideration whether subjects were elderly. Elderly patients face an array of barriers to exercise such as self-efficacy, discomfort, disability, fear of injury, habits, environmental factors, cognitive decline, and fatigue. 15 Hence, the concept of exercise intervention for young to middle-aged people undergoing hemodialysis is not entirely applicable to elderly people, and whether exercise training improves physical function, exercise tolerance, or QoL in elderly people undergoing hemodialysis remains unclear. Moreover, how best to manage this patient population is still poorly understood in the field of nephrology. Therefore effectiveness of exercise interventions on patient outcomes needs to be evaluated with patient age in mind, and conclusions regarding the effectiveness of exercise training must be updated with the latest data from new trials targeting elderly people undergoing hemodialysis. 16, 17 The main goals of this systematic review and metaanalysis were (i) to compare the benefits of supervised exercise training programs on exercise tolerance (peak/maximum oxygen consumption [VO 2 ]), walking ability (6-minute walk distance), lower extremity muscle strength, and health-related QoL (short-form health survey ) between nonelderly and elderly people undergoing hemodialysis, especially those aged 60 years and older and (ii) to update the evidence base for recommendation of supervised exercise interventions for hemodialysis populations by adding data from recent research studies.
MATERIALS AND METHODS

This review is reported in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidance 18 (Supplementary Appendix S1) and is one of a series of systematic reviews regarding the effectiveness of exercise training in elderly patients undergoing hemodialysis. The protocol used for the systematic review and meta-analysis was registered with the International Prospective Register of Systematic Reviews (PROSPERO) (registration number: PROSPERO 2015: CRD42015020701), and our protocol has already been published (http://bmjopen.bmj.com/content/6/5/ e010990.long). 19 No ethical approval was required because this study did not include confidential personal data and did not involve patient intervention.
Study Selection and Data Management
An electronic database search was performed in MED-LINE, Embase, the Cochrane Central Register of Controlled Trials, the Cochrane Database of Systematic Reviews, CINAHL, Web of Science, PsycINFO, and PEDro. The search was performed with the following terms: dialysis, renal replacement therapy, exercise, physical fitness, cycling, walk, physical therapy. The full strategy is described in Supplementary Appendix S2. To identify any articles missed by the initial search, we also evaluated the reference lists of previously reported systematic reviews.
We used EndNote X7 for Windows (Thompson Reuters, Philadelphia, Pennsylvania) to manage literature records and data. Reviewers screened all titles, abstracts, and the full texts. When required data were not available, the study authors were contacted by e-mail.
Inclusion and Exclusion Criteria
We included only randomized controlled trials (RCTs) published in English that evaluated the effects of supervised exercise training on at least 1 of the outcome measures included for this review and were a measure of physical function. Supervised exercise included resistance training, aerobic exercise, and combined exercise. Only RCTs that included subjects at least 18 years of age who were undergoing hemodialysis were included in this meta-analysis. Patients affected by acute kidney failure were excluded. In the present study, we defined elderly as age 60 years and older. The main outcomes of the study were exercise tolerance (peak/maximum VO 2 ) and walking ability (6-minute walk distance). Secondary outcomes were lower extremity muscle strength measured by using a dynamometer and health-related QoL (short-form health survey: physical component summary score and mental component summary score).
Risk of Bias
The methodological quality of trials included in the review was evaluated independently by using the Cochrane Collaboration tool 20 for assessment of risk of bias by 2 reviewers. Studies were graded as having a "low risk," "high risk," or "unclear risk" of bias across the following 7 specified domains: random sequence generation, allocation concealment, participant and personnel blinding, outcome assessment blinding, incomplete outcome data, selective reporting, and other sources of bias. Furthermore, we assessed the risk of bias of references using the Tool for the assEssment of Study qualiTy and reporting in EXercise (TESTEX), 21 which consists of 15 different items and has been shown to be a reliable tool for performing a comprehensive review of exercise training trials.
Data Analysis and Statistical Methods
Our statistical analysis strategy involved finding the average absolute change in the included patient measures from baseline to endpoint (including SD) in the intervention and control groups. We evaluated the standardized mean difference for exercise training. An analysis was performed according to whether study subjects were elderly (defined as $ 60 years old) or nonelderly. The effect consistency across studies was assessed using the I 2 statistic, 22 with I 2 > 25% and 50% considered to indicate moderate and substantial heterogeneity, respectively. We used the randomeffects model as the default method of analysis because of the expected clinical heterogeneity between studies, since the alternative fixed-effects model assumes that the true treatment effect of each trial is the same and that any observed differences are caused by chance. We assessed publication bias by plotting the inverse of the SE of the effect estimates using funnel plots to explore symmetry, which was assessed visually and using Egger's regression test in analyses including 10 or more studies. The analysis was performed using Review Manager Software (RevMan V.5.3; Cochrane Collaboration, Oxford, UK) and R version 3.2.2 (R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
Of the total of 10,923 references that were initially screened, 7640 had no duplicates and 7306 were rejected at the title and abstract stage. We analyzed 334 studies that were identified for potential inclusion and full-text review, and 30 comparisons were entered into the analysis 16, 17, ( Figure 1 ). Of the 30 comparisons, only 1 study targeted elderly people undergoing hemodialysis. Table 1 presents a summary of the trials. 16, 17, In 21 studies intradialytic exercise was adopted, and interventions ranged from 8 weeks to 12 months in duration, with most lasting for 3 to 6 months. A combination of aerobic exercise and strength exercise training was used in 10 studies, and interventions were performed 3 times per week in most of the studies. There was no trial in which peak/maximum VO 2 was reported for elderly participants undergoing hemodialysis, and only 1 trial included reports of 6-minute walk distance, lower extremity muscle strength, and QoL in elderly people.
Participants and Interventions
Treatment Outcomes
Exercise Tolerance
Eighteen trials included measurement of peak/ maximum VO 2 , with a total of 313 subjects in the intervention group and 269 control subjects. 17, 23, 26, 27, 30, 31, [35] [36] [37] [38] [39] [40] [43] [44] [45] 47, 48 Supervised exercise training was shown to significantly increase exercise tolerance in the total patient population. The standardized mean difference (SMD) of peak/maximum VO 2 was 0.62 (95% confidence interval [CI], 0.38-0.87; P < 0.001) in the total patient population. There was a moderate degree of heterogeneity in exercise tolerance across studies (I 2 ¼ 49%). However, because there was no study involving elderly participants, we were not able to analyze the efficacy of exercise training on exercise tolerance among elderly patients undergoing hemodialysis ( Figure 2 ).
Walking Ability
Ten trials assessed 6-minute walk distance with a total of 161 subjects in the intervention group and 165 subjects in the control group. 16, 17, 24, 27, 33, 34, 42, 45, 49, 53 Only 1 of these 11 trials included elderly participants. 16 Supervised exercise training was shown to significantly increase walking ability, as determined by 6-minute walking test, in subjects undergoing hemodialysis, with SMD of 0.58 (95% CI, 0.24-0.93; P < 0.001) in the total patient population. There was a moderate degree of heterogeneity across studies in walking ability (I 2 ¼ 53%). In elderly subjects undergoing hemodialysis, exercise training did not significantly increase 6-minute walking distance (SMD, 0.23; 95% CI, -0.76 to 1.23; P ¼ 0.65) (Figure 3 ).
Muscle Strength
In 9 trials with 142 subjects in the intervention group and 139 control subjects, lower extremity muscle strength was measured by using a dynamometer. 16, 24, 25, 27, 28, 32, 33, 45, 46 Only 1 of these 9 trials included elderly participants. 16 Supervised exercise training was shown to significantly increase lower extremity muscle strength in patients undergoing hemodialysis, with SMD of 0.94 (95% CI, 0.67-1.21; P < 0.001) in the total patient population. There was a low degree of heterogeneity across studies for muscle strength (I 2 ¼ 10%). In elderly subjects undergoing hemodialysis, exercise training was shown to significantly increase muscle strength (SMD, 1.99; 95% CI, 0.73-3.24; P ¼ 0.002) (Figure 4) .
Quality of Life
Nine trials with 143 subjects in the intervention group and 121 subjects in the control group assessed the physical component summary of the short-form health survey. 16, 25, 29, 32, 34, 38, 39, 45, 46 Only 1 of these 9 trials included elderly participants. 16 Supervised exercise training was shown to significantly increase physical component summary score in patients undergoing hemodialysis, with SMD of 0.53 (95% CI, 0.52-0.82; P < 0.001) in the total patient population. There was only a low level of heterogeneity across studies for the physical component summary (I 2 ¼ 19%). Exercise training was not shown to significantly increase the physical component summary score in elderly subjects undergoing hemodialysis (SMD, 1.02; 95% CI, -0.04 to 2.09; P ¼ 0.06) ( Figure 5 ).
The mental component summary score of shortform health survey was measured in 8 trials, which included 124 subjects in the intervention group and 104 subjects in the control group. 16, 25, 29, 34, 38, 39, 45, 46 Only 1 of these 8 studies included elderly participants. 16 There were no increases in the mental component summary score associated with supervised exercise training in elderly, nonelderly, or all subjects undergoing hemodialysis (P ¼ 0.13, P ¼ 0.13, Figure 2 . Forest plot showing the effects of supervised exercise training compared with usual care on changes in exercise tolerance (peak/ maximum oxygen consumption). CI, confidence interval; IV, inverse variance; Std., standard.
and P ¼ 0.34, respectively). There was a low degree of heterogeneity with regard to the mental component summary score across studies (I 2 ¼ 10%) ( Figure 6 ).
Assessment of Risks of Bias and Publication Bias
The risks of bias were frequently high or unclear in the studies (Table 2) . 16, 17, In 10 studies (33.3%) low-risk methods for random sequence generation were reported, and allocation was adequately concealed in 8 studies (26.7%). The assessor was blinded to patient allocation in 5 studies (16.7%), and both participants and investigators were masked and blinded in only 1 study (3.3%). Outcome data were incomplete or were reported only selectively in 4 (13.3%) and 7 (23.3%) studies, respectively. In 3 studies (10.0%) the analyses were reported as intention-to-treat. The total Tool for the assEssment 
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of Study qualiTy and reporting in EXercise score, study quality score, and study reporting score of the studies were 7.9 AE 2.3, 2.5 AE 1.1, and 5.4 AE 1.5, respectively.
Egger's regression test for publication bias was not significant for exercise tolerance (P ¼ 0.27) or walking ability (P ¼ 0.93). Funnel plots were symmetrical for each outcome (Figures 7 and 8) , and we did not detect evidence of publication bias for other outcomes because fewer than 10 studies dealt with muscle strength and QoL.
DISCUSSION
We conducted a systematic review of the literature to evaluate the effects of supervised exercise training on exercise tolerance, walking ability, muscle strength, and QoL in elderly people undergoing hemodialysis and to provide an update of recent studies regarding the effects of exercise training on functional status. Only 1 study targeted people aged 60 years and older undergoing hemodialysis, and thus we could not perform a meta-analysis to confirm the effects of exercise training in elderly people undergoing hemodialysis. There is still insufficient evidence regarding the effectiveness of exercise training for elderly people undergoing hemodialysis. Further RCTs will be needed to clarify the effectiveness of exercise training on exercise tolerance, walking ability, muscle strength, and QoL in elderly people undergoing hemodialysis.
On the other hand, our findings suggest that supervised exercise training has significant beneficial effects on exercise tolerance, walking ability, muscle strength, and QoL (physical component summary score) in the general hemodialysis population.
In 2016, the European Renal Best Practice Guideline Development Group published new clinical practice guidelines for elderly patients with chronic kidney disease, 59 recommending the use of physical functional assessment tools and interventions aimed at increasing functional status in older patients with renal failure. Given the importance of these recommendations in 
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clinical settings, the present study assessed the impact of supervised exercise on functional status in elderly patients undergoing hemodialysis. Although the findings of the present study were generally in agreement with those of previous metaanalyses, 13, 14, 60 our analysis of the effectiveness of exercise training in elderly people as compared with nonelderly people was somewhat inconclusive. In particular, we found no studies in which the association between exercise training and exercise tolerance was evaluated in elderly people undergoing hemodialysis. Groussard et al. 17 reported that an intradialytic aerobic exercise training program significantly improved 6-minute walking distance in middle-aged and elderly people, although no changes were observed in peak VO 2 . They postulated that this discrepancy was due to the short duration of the intervention program and the use of aerobic training alone, rather than a combination of aerobic and strength training. Moreover, people undergoing hemodialysis might not achieve maximum VO 2 because of functional limitations caused by bone, joint, and/or muscle pain and muscle fatigue. Because elderly patients are likely to experience difficulty participating in combined, prolonged exercise training, peak or maximum VO 2 evaluated by cardiopulmonary exercise testing might not provide appropriate outcome measurements in most elderly patients. On the other hand, 6-minute walking distance-which has proven relative and absolute reliability in elderly people undergoing hemodialysis, 61 is used in clinical settings as an index of exercise tolerance, and provides prognostic information comparable to that of peak VO 2 in elderly patients with heart failure 62 -is an appropriate outcome measure for exercise training in elderly people undergoing hemodialysis.
The prevalence of frailty is higher among elderly people with end-stage renal disease compared with community-dwelling elderly people. In a previous study, 85.9% of elderly people undergoing hemodialysis were found to be frail or intermediately frail. 63 Given that muscle weakness is an important component of frailty, our review of the effects of exercise training on physical function in these populations could be of clinical significance.
Matsufuji et al. evaluated the effects of chair stand exercise on physical performance among elderly people ($60 years old) undergoing hemodialysis and reported improvements in their activities of daily living by strengthening the quadriceps. 16 Chair stand exercise is suitable for elderly patients, because it does not require any special equipment or place. Low-intensity strength training with ankle weights was also shown to improve physical performance in elderly patients. 25 Because reduced physical performance is a strong predictor of poor prognosis in people undergoing hemodialysis, 7, 8 participation in chair stand exercise or low-intensity weight training may not only increase QoL but also improve prognosis in elderly people undergoing hemodialysis. In a recent multicenter RCT, Zoccali et al. 64 revealed that a low-intensity, home-based walking program improved functional status compared with usual care in patients with end-stage renal disease. These interventions are inexpensive, safe, and feasible for elderly people undergoing hemodialysis.
This study has several limitations. First, because our literature searches were restricted to studies published in English, some articles might have been overlooked. Second, the number of studies that included elderly people ($60 years old) undergoing hemodialysis was too small for performance of metaanalysis. Barriers to exercise (e.g. self-efficacy, discomfort, disability, fear of injury, habits, environmental factors, cognitive decline, and fatigue) 15 could explain why elderly patients were not often recruited for exercise trials. Studies targeting elderly patients can be helpful in designing exercise programs and exercise goals that take into consideration patient barriers. Although the optimal program has yet to be identified, it might be more effective to implement programs such as chair stand exercise 16 and electromyostimulation 53 that are affordable and more feasible for older patients. A recent non-RCT showed that low-intensity physical exercise improved muscle strength, functional capacity, and QoL in subjects aged 80 years and older. 65 Further RCTs in elderly people undergoing hemodialysis will be necessary to confirm these findings. Third, the present review focused on the effects of supervised exercise training, without taking into consideration the effects of home-based exercise training. However, Konstantinidou et al. compared the effects of homebased exercise and supervised exercise training in people undergoing hemodialysis and reported that the former did not show a greater improvement in exercise tolerance compared with the latter. 35 On the other hand, another study suggested greater benefits of independent home-based exercise compared with intradialytic exercise in people undergoing hemodialysis. Therefore further studies will be needed to compare the effectiveness of home-based exercise and supervised exercise training in this patient population.
In conclusion, our meta-analysis confirmed the positive effects of supervised exercise training on exercise tolerance, walking ability, muscle strength, and QoL in the general hemodialysis population. However, there still is insufficient evidence regarding the effectiveness of exercise training for elderly people undergoing hemodialysis, despite a strong rationale for the use of exercise in the population. Future studies should investigate whether supervised exercise training leads to similar improved outcomes in elderly people undergoing hemodialysis and identify the most favorable exercise program for this patient population.
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